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3 METHODOLOGY 
 
3.1 MD simulations methods 
            MD simulation is an essential technique to study a variety of molecular properties 
including molecular diffusion. Diffusion process not only can be studied in atomic details, 
but also under various thermodynamic conditions that is unreachable by experiments. 
This research specifically undertakes studies of CO2 absorption in aqueous alkyl 
alkanolamine-based solvent which is methyldiethanolamine (MDEA) in molecular scale 
to provide more insight into the molecular interactions involved in the absorption process. 
In order to replicate true behaviour of the system in actual life, speciation of the 
system needs to be determined accurately. Speciation of the solution will be specified 
accurate enough from literature review which can be used as initial composition of the 
system, i.e. CO2, water and MDEA. Once speciation of the system is determined, 
modelling of the decided molecules/ species can be started using Molecular Dynamic 
(MD) technique of the specified molecules or species for the solution. 
Molecular Dynamic (MD) simulation works by treating a microscopic replication 
of the macroscopic system as a manageable box of the molecules in order to predict the 
configurations and properties of the system in any time in future (Leach 1996). MD 
employs an initial configuration of the molecules as input, and then computes the 
molecular forces based on interaction parameters of a given force field. Subsequently, it 
determines velocities and positions of the molecules by integrating the Newton’s law of 
motion. Data collected from any preceding step is used to calculate the new forces, 
velocities and positions for the ensuing configuration after a very small time interval. This 
procedure is followed by the same cycle to predict the configuration of the system at any 
time in future. This means that MD generates a Trajectory of the system with respect to 
time. Having this information, thermodynamic averages of the system can be calculated 
by applying statistical mechanics approach to resemble the thermodynamic properties of 
the macroscopic system of interest. 
Procedure for modelling of the molecules involves three main steps. First of all 
interaction parameters have to be decided through a suitable force field, second 
optimization of the molecular geometry and at last calculation of partial charges. 
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Molecular dynamics (MD) simulation approach was chosen to investigate the molecular 
distribution of the system inside the absorption solution (Hinchliffe, 2000). 
In order to perform the MD simulation in current study, the simulation box will 
be divided into two different parts. For the first part, it will be occupied by liquid phase 
(including the aqueous amine solution) and the second part will contain the gases 
components (CO2). Both of the parts will be brought into contact with one another within 
a gas-liquid interface, so that the absorption process could take place across this 
interfacial surface (Belonoshko, 1998). 
MD simulation will be performed in thermodynamic conditions of the systems 
which will be set to be closed to the one in absorption unit to be able to replicate the real 
absorption characteristics. The thermodynamic conditions can be under NVE (constant 
number of moles, volume and energy), NPT (constant number of moles, pressures and 
temperature) and NVT (constant number of moles, volume and temperature) assemble up 
to 5 ns. The movement of each molecule will be integrated according to the second 
Newton’s Law to achieve the equilibrium (Keffer & Baig et al., 2005) 
The effect of molecular structure i.e. steric hindrance and functional group on 
solvent properties such as basicity will be investigated. The simulation results will be 
interpreted in terms of radical distribution function, diffusion coefficient and simulation 
validation. The following Figure 3-1 shows the process flow in simulating the model at 
molecular level. 
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Figure 3-1: Summarization of MD simulation procedure 
3.2 Software 
In this MD simulation, the Material Studio software package 6.1 has been used to 
simulate the molecules (MDEA, H2O and CO2). It is a very useful tool to comprehend 
and reveal the molecular interaction between molecules during the absorption process. 
The acid gas used in study is carbon dioxide and the solvent is methyldiethanolamine 
(MDEA). By applying Newton’s second law, the dynamic aspect of the system will be 
simulated and the coordinate system will be used to calculate radial distribution function 
(rdf) (Anslyn & Dougherty, 2006), and diffusion coefficient. This will be used to shows 
how strong the molecule interaction and even which atoms of the molecules attracted the 
most between the solvent and acid gas (Matteoli et al., 1995).   
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